INTRODUCTION
The dibromide and diiodide radical anions were first proposed in 1933 as intermediates in photo reactions involving aqueous solutions of the 1 halide, halogen, and oxalates.
Subsequent work of Taube in 1948 on the oxidation of bromide ion in aqueous solution provided mechanistic evidence
or an 1nterme 1ate comp ex etween atom1c rom1ne an rom1 e 1on.
Radiolysis of the alkali halide salt 3 or solutions 4 and mercury arc photolysis of NaBr and Nai glasses containing oxidizers 5 at low temperatures have provided E.S.R. spectroscopic evidence for the Br2-and I2-species.
Of particular interest to this work, flash photolysis of Br-and I in aqueous solutions has produced transient absorptions near 350 and 370 nm, which have been attributed to the Br2 and Iz~ species, respectively.
6
Pulse radiolysis of aqueous KBr solutions yielded a strong transient absorption at 360 nm which disappeared in 100 ~sec and a new 270 nm absorption appeared which was stable for 2 min; these absorptions were assigned to d B . 1 7 an r3 , respect1ve y. In similar studies of aqueous KI, a strong -8 absorption was observed at 380 nm for I 2 • Gamma irradiation of NaBr-H2S04 glasses at 77 K produced 355 nm absorption which was replaced by a 270 nm band upon warming to room temperature,and alike investigation using Nai gave strong r 3 9 absorption and a weak new absorption at 380 nm.
After X-raying + solid KBr at 77 K with impurity ions such as Tl present, the optical spectrum revealed a strong absorption at 385 nm and a weak band at 750 nm which were assigned to the Br2 10 color center.
Analogous studies on KI produced a strong 400 nm absorption and a medium-intensity 800 nm band which were attributed to I2 2 + 2 + 2 + 2 and assigned to the Eu ~ Eg and Eu ~ Tig transitions, . 10 11 respect1vely. ' Flash photolysis studies of dilute KI in ethanol have 0 0
shown that, in addition to the strong near-ultraviolet I 2 -absorption, there is residual 750 nm absorption which cannot be due to solvated electrons, and -12 accordingly, the red absorption is also associated with I 2 • Laser Raman studies of the products of alkali metal atom-iodine matrix reactions found a resonance Raman progression using 647.1 nm excitation with a -1 strong 114 em fundamental and five overtones which was attributed to the diiodide anion in the M+I 2 -species. 13 The present optical experiments were done to observe the red absorption band which was responsible for the resonance Raman spectrum. Similar laser-excitation studies of the alkali metal-bromine
reaction produced Raman fundamentals near 157 em which are believed to be -14 due to Br2 • Absorption spectra of these reaction products will help understand the chemistry and identify the product species.
' 15-17 In addition, gas phase absorption spectra of bromine and iodine vapors have shown temperature dependent bands which were assigned to (Br2)2 and (I 2 ) 2 •
The present matrix-isolation study observed these bands and confirmed the dimer assignments.
Here follows an optical absorption study of alkali metal bromine and iodine matrix reaction products.
EXPERIMENTAL SECTION
The vacuum system, cryogenic apparatus, spectrophotometer, and experimental 18 technique were the same as discussed in the previous paper. Bromine (B.D.H. Chemicals, Ltd.) was frozen, outgassed, thawed, refrozen, and evacuated before use. Iodine (Mallinckrodt, reagent) crystals were placed in a pyrex finger, evacuated, and allowed to reach equilibrium vapor pressure (0.25 mm at 23°C), in a 2-l pyrex bulb; 100 torr of argon was added giving an approximate'
Ar/I 2 ratio of 400/1. Argon-bromine samples were prepared using standard techniques. In addition to alkali metal matrix reactions, cesium bromide
(Orion Chemical Co., Reagent) vapor at 440°C was codeposited with an argonbromine sample and cesium iodide (Harshaw Chemical Co., Optical) vapor at 438°C was also reacted with iodine in argon matrices. The salts were heated under vacuum above these temperatures before use.
RESULTS

·'
Alkali metal atom matrix reactions with bromine and iodine have produced new absorptions which will be presented for each halogen. The absorption peaks for the products of alkali metal-bromine reactions are listed in Table I . Finally, warming this sample to 40 K to allow limited diffusion of the trapped iodine and recooling to 17 K produced marked growth of the ultraviolet bands at 254 and 286 nm .as the last spectrum in Fig. 3 shows.
Lithium atoms were codeposited with an Ar/I2 ~ 400/1 sample for 2 hrs;
the absorption spectrum is shown in Fig. 4(a) . Three sodium-iodine reactions were examined spectroscopically; an early scan in the first experiment using Ar/Iz ~ 400/1 is shown in Fig. 4 
(b).
New product bands appeared at 382.0±0. Again, the 366 nm band appeared after the Csi was hot, but before the shutter was opened, and the strong 273 nm band was observed to grow as before.
DISCUSSION
The present observations provide information on bromine and iodine dimers, the dibromide and diiodide radical anions and bonding interactions between cation and anion in ionic molecules.
Bromine and Iodine Dimers Figure 1 shows a strong absorption at 227 nm whose intensity relative to the bromine absorption at 415 nm, is favored at the higher bromine concentration.
From the matrix data, this band can he assigned to (Br2)2.
This observation adds support to the assignment of a broad, temperature
15 dependent 210 nm band to (Br2)2 in the gas phase.
In the iodine spectrum the very weak 670 nm band is due to the x~A absorption of I 2 which has been observed very weakly at approximately ' 20 660-690 nm in the gas phase.
The I 2 absorption at 270 nm in the gas .
phase is so very weak that it must be obscured by the ultraviolet doublet.
The concentration dependence and growth of the ultraviolet doublet shown in Fig. 3 indicate that both of these bands are due to iodine dimeric species presumably of different structural arrangements. Lastly, the 16,17 broad temperature dependent band at 245 or 265 nm assigned by two groups to (I2)2 is in agreement with the 254 and 286 nm argon matrix assignments to iodine dimeric species. The strong bands produced in these experiments at 268 and 273 nm are due, respectively, to the products of reactions land i· The bands at 262 and .+ 264 nm in Fig. 2 (a and b) are, respectively, due to 11 Br 3
+ -
and Na Br 3
Ultraviolet absorptions due to alkali bromides and iodides are very weak, 21 and the quantities of these salts produced and studied here do not make an appreciable contribution to the absorption spectrum.
The red absorptions near 640 nm in four different alkali metal bromine reactions maintain a constant relative intensity with the strong 360 nm absorptions; the intensity ratios 360 nm/640 nm were (18±3)/1 for the four
(1) + -First, the a~* energy for Na r 2 is 75 kcal/mole and the red absorption requires 42 kcal/mole which appears to be too much energy for promotion of an electron from the uppermost TI* orbital. Second, the Tix* orbital is of the proper symmetry to interact with the 5p orbitals of the cesium atom which produces an inflection in the trend of X2-transition energies as a function of M+ which will be discussed in the next .section.
The intensity of the TI~* transition increases relative to the strong a~* transition intensity with increasing atomic weight in the matrix-isolated + 10 M x 2 species, as was found for the x 2 color centers.
This trend may be 2 + 2 due to a mixing of the Lg and ng electronic states due to increased spinorbit coupling.
A similar trend has been noted for the TI~* and a~* . . f d . 1 .
22
trans~t1ons o Br 3 an r 3 ~n so ut~on.
Bonding 18
As was pointed out in the previous paper, the a~* energy for Cl2 is about half that for Cl 2 • Likewise, these energies for Br 2 and r 2 are .0 0 .~_·. i l ~·~
